This study examines the productivity growth of Spanish universities over the period [1994][1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007][2008]. The Malmquist index is used to illustrate the contribution of efficiency and technological change to changes in the universities' productivity. The results indicate that annual productivity growth is attributable largely to efficiency improvements rather than technological progress. Gains in scale efficiency appear to have played only a minor role in productivity gains. The results contribute to the knowledge of the university system in Spain, describing different university behaviours that could be useful for management at the institutional and national level.
Introduction
In most industrialized countries, demands for accountability and transparency have increased. The pressure on public budgets has led governments to control and pursue efficiencies and productivity in the allocation and management of public sector resources (Stella and Woodhouse, 2006) . This public concern has forced government to take on responsibility for evaluation and control of publicly funded institutions, and they have started to develop evaluation systems and programmes that are proving beneficial for the design of policy to improve the effectiveness of funding.
Education institutions are of interest because education, especially higher education (HE), is one of the main sources of economic growth (World Bank, 2002; Johnes, 2008; COM, 2010) . Thus, the study of the structure and dynamics of universities gains importance, as well as performance assessment that tries to guarantee an efficient use of resources, an improvement of university productivity and the promotion of an internal quality culture (Bonaccorsi et al., 2007; Cerezo et al., 2008) .
Productivity in HE has an obvious multidimensional character as it relates to both the production and dissemination of knowledge, through its various activities of teaching, research, and outreach (Buela-Casal et al., 2009 ). Due to the central role of universities in the education and research system, both policy makers and society as a whole are interested in the results of the evaluation processes of universities. In this context, national and international rankings of universities, based on prestige indicators, as well as different structural, input and output indicators have emerged during the past years, creating competition among universities to be on the top (García-Aracil and PalomaresMontero, 2010 ).
Spanish universities have faced different reforms in the past years and those reforms have tried to increase the quality and efficiency of the Spanish universities. However, the results are not always what are expected (Jiménez-Contreras et al., 2003 , OECD, 2008 (FCyD, 2011) . Therefore, we consider it is interesting to study the behaviour of the university system in Spain including both input and output indicators and exploring the influence of the features on university performance. This paper tries to analyse the dynamics of change in public universities institutions focusing on how universities manage their inputs and determine competitive strategies and how these influence their productivity.
Description of the Higher Education in Spain 2.1 Background on the Spanish Higher Education System
The Spanish Higher Education System (HES) is comprised almost exclusively of universities. In 2011, there were 79 universities: 47 stated owned, 24 private, 6 open universities (1 public and 5 private) and 2 special public universities offering only their own post-graduate programs and non-official grades (MECyD, 2011a) .
Nine of the currently existing universities were established in the sixteenth century;
only six public universities and four private universities were founded between then and 1968. Before the 1970s, the HES had a 'Napoleonic' organization, and universities were regulated by laws and standards issued by the state (García-Aracil, 2007) . The nineteenth century and the Industrial Revolution did not result, as in many other countries, in the flourishing of new institutions. Nevertheless, the nineteenth century was a critical point for Spanish universities; liberalism stemming from the French
Revolution changed the structure of the state.
A new model emerged in the 1970s with a shift from an elite system to mass HE. An important legal reform was completed in 1983, approving the University Reform Act (Ley de Reforma Universitaria, LRU) introducing democratization of the internal structure of universities and a move from direct state intervention to institutional autonomy, with the goal of enhancing the quality of HE. At this stage, in 1989, two independent systems for the assessment of academic staff teaching and research activities were also set up. Assessment of teaching performance became the exclusive responsibility of each university, while assessment of research performance was to be the responsibility of the National Committee for the Assessment of Research Activity (CNEAI) (Jiménez-Contreras et al., 2003) .
To reinforce the culture of assessment and quality improvement, in 1992, the Spanish Council of Universities launched an 'Experimental Programme to Evaluate the Quality of the University System' in order to assess the quality of teaching, research and management in various Spanish universities. In 1993, the European Union launched the 'European Pilot Project for Evaluating Quality in HE', aimed at testing common assessment methods in European universities. Based on the European experience and the results of the experimental programme carried out in Spain, in 1995, the Council of Universities created the National Plan for Quality Assessment of Universities (PNECU), which was followed by the University Quality Plan (PCU) in 2001 (Vidal, 2003) .
Although the Spanish experience in quality assessment and quality assurance has been positive (Martínez Cabrera, 2003; Duch, 2006; Duch-Brown and Vilalta, 2010) , there have been concerns about the links between assessment results and the decision-making system (Pollit, 1990; Mora and Vidal, 2000; Llinàs-Audet et al., 2011) .
In the first years of the new millennium, Spanish universities found themselves in a new context as a result of the legal framework (Ley At the same time, the Spanish government is encouraging universities to determine standards to improve quality and efficiency in these institutions, largely in response to the large-scale structural reorganization of the HE sector following an agreement among all European governments to transform the HE structure (the Bologna Declaration), adaptation to the European Higher Education Area (EHEA) and incorporation of Spanish academic research in the European Research Area (ERA).
These policy initiatives combined with other market and non-market force, have affected the apparent productivity of the sector.
What (Little) We Know About Productivity in the Spanish HES
In the period 1994-2008, undergraduate and doctoral degree completions grew respectively by 21% (from 133,620 to 162,643) and 32% (from 5,266 to 6,969); external government and industry grants increased by 74% (from €219 m. to €381 m.) and 45% (from €486 m. to €708 m.); and research ISI publications increased by 189%
(from 11,362 to 32,851). This growth was accompanied by increases in total expenditure of 189% (from €2,476 m. to €7,169 m.) and academic and non-academic staff numbers of respectively 40% (from 66,009 to 92,566) and 51% (from 31,951 to 48,244) (COTEC, 2008; CRUE, 1996 CRUE, , 2010 FCyD, 2011) . It has been suggested that the productivity of the sector has improved based on expansion of the productivity frontier, suggesting fewer (or the same volume of) resources are now needed to produce the same (or more) economic outputs. However, this may not be the case.
In a world with no inefficiencies, productivity growth, measured by productivity indices (an index of output divided by an index of total input usage), is synonymous with technical progress (or shifts in the technology boundary). However, in a world where inefficiency exists, productivity cannot be interpreted as technical change unless either there is no technical inefficiency or the technical inefficiency does not change over time (Caves et al., 1982) . If these conditions do not hold, then productivity is redefined as the net effect of changes in efficiency (or movements relative to the existing frontier) and shifts in the production frontier (or technical change) (Charnes et al., 1978; Färe et al., 1994) . This distinction is important from a policy viewpoint, since changes in productivity growth due to inefficiency imply different policies from those that address technical change (Worthington and Lee, 2008) .
In this context, remarkably little is known about the productivity of Spanish HES, and even less about productivity levels across the sector. Almost nothing is known about whether suggestions related to productivity improvements are the result of increased efficiency, increased use of technology, or both. The purpose of this paper is to assess the productivity growth of Spanish universities taking account of changes in both efficiency and technology. While not the only study to examine efficiency and/or productivity in Spanish universities or university departments (Pina and Torres, 1995; Levin, 1998; García and Gómez, 1999; Castrodeza and Peña, 2002; Martínez Cabrera, 2003; Caballero et al., 2004; Duch, 2006; Giménez and Martínez, 2006; Hernangómez et al., 2007; Martín Rivero, 2008; Asís Díez, 2009; Agasisti and Pérez-Esparrells, 2010; Duch-Brown and Vilalta, 2010) , the present study is the only one to focus exclusively on productivity, efficiency and technological change at the university-level using readily available panel data for a 15 year period (from 1994 to 2008).
Methodology and data

Malmquist approach
A number of techniques have been developed and applied in the context of education in an effort to measure the productivity of HEIs. Statistical techniques have progressed from simple ratios of one output to one input, to composite ratios of productivity derived from linear programming methods (Färe et al., 1994) . Changes in productivity growth can be calculated using the Malmquist productivity change index, which is a widely used methodology (Maniadakis and Thanassoulis, 2004; Johnes, 2008; Kortelainen, 2008) . Malmquist (1953) originally proposed a quantity index to measure standards of living for consumption analyses. Later, the Malmquist index and its variations found application mainly in the field of production analysis. The Malmquist index was first introduced in productivity literature by Caves et al. (1982) , where it was exploited as a theoretical index based on Shephard's (1970) distance function. Nishimizu and Page (1982) used a parametric programming approach to compute the first index in an empirical context and it was further developed and popularized as an empirical index by Färe et al. (1994 Färe et al. (1994) demonstrated using non-parametric mathematical programming models for their computation.
Parametric unlike non-parametric approaches require specification of a functional form linking input to outputs and, thus, are more demanding in terms of the assumptions made (Maniadakis and Thanassoulis, 2004) . Moreover, under certain conditions Malmquist indexes can be related to the superlative Törnqvist (1936) and Fisher (1922) ideal quantity indexes (Caves et al., 1982; Färe et al., 1992; Balk, 1993; Coelli and Perelman, 1999; Grifell-Tatjé and Lovell, 1999; O'Donnell and Coelli, 2003; Uri, 2003a Uri, , 2003b Rodríguez-Álvarez et al., 2004) .
When applying the Malmquist methodology to study productivity, it is necessary to construct a non-parametric envelopment frontier over the data points, such that all observed points lie on or below the production frontier. There are two analytic options:
input orientation, which reduces inputs without decreasing output levels, and output orientation, which raises outputs without increasing inputs. In terms of education, universities are given a fixed quantity of resources (e.g. state financial resources, academic and non-academic loads) and asked to produce as much output as possible.
Thus, we assume an output orientation.
The output-based Malmquist productivity change index (M) specified by Färe et al. (1994) can be formulated as:
where the subscript O indicates an output-orientation, M is the productivity of the most recent production point (x t+1 , y t+1 ) (using period t + 1 technology) relative to the earlier production point (x t , y t ) (using period t technology), D 0 is the output distance function which is the reciprocal of Farrell's (1957) technical efficiency measures. The output distance function is defined on the output set P(x), as:
where  is the corresponding level of efficiency. The output distance function seeks the largest proportional increase in the observed output vector y provided that the expanded vector (y/) is still an element of the original output set (Grosskopf et al., 1995) . If the university is fully efficient such that it is at the frontier, then
indicates that the institution is inefficient.
An equivalent way of writing the Malmquist index is:
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where the first term defines changes in efficiency from period t to t+1. The second term, i.e., the geometric mean in parenthesis, indicates changes in technology, i.e., a shift in the frontier from period t to period t+1. This paper bases evaluation on the change patterns in the four indexes, TFP, PTEC, SEC and TC. Coelli et al. (1998) discuss the linear programs necessary to calculate these indices and the DEAP 2.1 software used in this paper (Coelli, 1996) . If TFP, which reflects the total productivity change situation, is bigger than 1, it means that total productivity increases from round t to round t+1, otherwise total productivity drops. If TFP is equal to 1, it means that total productivity is stable. PTEC reflects two rounds of relative production efficiency change in the technology and the scale invariable situation, to measure whether the decision-making unit's production is approaching the current round's production frontier; it is described as the catching-up or horizontal effect. If PTEC is greater than 1, it indicates that in the absence of technological innovation and scale change, the production of the decision-making unit (DMU) is approaching the production frontier, i.e. that relative efficiency has been enhanced. SEC reflects two rounds of scale return changes to the DMU (i.e. the scale returns of the DMU are increasing, decreasing or constant); this is referred to as the scale effect. If SEC is greater than 1, it indicates an increase in scale returns. TC reflects the shift in two rounds at the production frontier, or the frontier-shift or growth effect, and measures whether this production is based on technology advancement. If TC is greater than 1, it is evidence of technology advancement, and as a result the production frontier moves forward. Further details on the interpretation of these indexes can be found in Charnes et al. (1993) , Lovell (2003) and Worthington and Lee (2008) .
Specification of inputs and outputs
The data used in the present study consist of annual observations of the Spanish universities over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . This is the longest and most recent period for which consistent data on university inputs and outputs were collected by the MUCMET ("The University Missions and Their Complementary. New Methods of Evaluating Efficiency") project supported by the Spanish Ministry of Science and Innovation's National R&D Program (2008 Program ( -2010 . However, we consider only 43 public universities; this is because some universities were established in 1997 and for some universities (mainly private universities) data were not available for some of the years in the period under study.
A point to note is that the measurement and analysis of productivity change is controversial and has provoked much discussion among organizational researchers and practitioners (Cohn et al., 1989; Willms and Kerckhoff, 1995; Glass et al., 1998; Malcolm and Doucouliagos, 2001; Salerno, 2006; Bonaccorsi et al., 2007; Flegg and Allen, 2007; Johnes and Yu, 2008; García-Aracil and Palomares-Montero, 2010, 2012) about the complexity of selecting inputs and outputs to define the production function for modelling university behaviour.
In this paper, the inputs and outputs employed follow a production approach to modelling university behaviour in the form of teaching, research and outreach (Beasly, 1995; Mar Molinero, 1996 Schmoch et al., 2010; Agasisti et al., 2012) . In terms of previous work, the approach selected is most consistent with Worthington and Lee (2008) , but has a conceptualization of university performance in common with Beasley (1995), Koshal and Koshal (1999) , Flegg et al. (2004) , Salerno (2006) , Johnes (2008) , Johnes and Yu (2008) , Schwarzenberger (2011) and Mamun (2012) . Thus, we consider a three-output, three-input model.
On the one hand, the three categories of output are: (i) undergraduate completions (as a proxy for teaching); (ii) number of research ISI publications (as a proxy for research); and (iii) industry grants (income in euros from private contracts -as a proxy for knowledge transfer).
There selected output specification involves some limitations. First, the numbers of undergraduate awards are an obvious measure of output for any university, but this measure does not recognize differences in degree program length within or across universities. Unfortunately, the data do not allow these specific measurements. Second, the output specification ignores the efforts of non-graduate students -those who attended courses, but did not graduate (Lucas and Beresford, 2010; Attewell et al., 2012) , and there no direct allowance for quality, e.g. aptitude test scores (Koshal and Koshal, 1999; Chalmers, 2008) . A simple way to accomplish this is to measure the number of graduating students. Data was gathered from the annual university statistics of the Council of University Coordination (CCU) and from the annual publication of Higher Education Statistics from the National Institute of Statistics (INE). The hypothesis is that the higher the number of graduating students the higher the quality of teaching (Madden et al., 1997) .
Research is equally difficult to measure. Publication counts are widely accepted as a measure of research output (De Groot et al., 1991; Johnes and Johnes, 1993; SinuanyStern et al., 1994; Jonhes and Yu, 2008; Agasisti et al., 2012) , but then the number of journals included is critical. Publications can be categorized as: papers in academic journals, letters in academic journals, articles in professional journals, articles in popular journals, single authored books, edited books, published official reports and contributions to edited collections. However, the inclusion of too many journals means that an article in a second-rate journal will have the same value as an article in a topranked journal (Johnes, 1988) . Other studies use publication counts and citations, and their impact factors (Sarafoglou and Haynes, 1996; Jiménez-Contreras et al., 2003; Johnes and Yu, 2008) . In the absence of a reliable and easily obtainable research output measure, we considered articles published by the Institute for Scientific Information (ISI) as an indicator of international scientific production. The data were obtained from a direct search of the "Web of Science SCI Expanded", conducted in March 2010, based on the search strategy of name of institution (the task of matching affiliations in bibliometric databases to names of institutions is easily tackled where there is only one university per city, but becomes complex -up to one month's effort -in the case of large cities and metropolitan areas). As in similar studies, and despite its well-known biases (Seglen, 1997; Costas and Bordons, 2007) , this data base was chosen because of its multidisciplinary nature and the fact that it is accepted as the most representative source available for analysing the international dissemination of scientific literature (Jiménez-Contreras et al., 2003) .
Finally, it is acknowledged that using research income as a proxy for output is problematic, but is more understandable for the promotion of so-called third-mission activities at universities (Ahn et al., 1988 , Beasley, 1990 , 1995 Flegg et al., 2004; Flegg and Allen, 2007; Johnes, 2008) . However, there are some ambiguities if research grants are used as a proxy for research input (Tomkins and Green, 1988; Beasley, 1990; Sinuany-Stern et al., 1994; Athanassopoulos and Shale, 1997; Laudel, 2005; Schmoch, et al., 2010; Agastisti et al., 2012) . Ahn et al. (1989) use a combined approach with state funds allocated to state HEIs as the input, and federal and private research funds as a proxy for outputs. There is no consensus, but the approach selected in this paper is most consistent with Ahn et al. (1989) ; we considered data on income from private contracts Conference of the Spanish Universities (CRUE). Again, there was no direct allowance for quality, however the argument is that more substantial research will attract more income (Worthington and Lee, 2008) .
On the other hand, the inputs included in the analysis are: (i) full-time equivalent academic staff, (ii) full-time equivalent non-academic staff and (iii) total expenditure (including staff costs, running expenses for goods and services, financial expenditure, flow of funds, capital expenses, real investment, and other expenses which includes financial assets and financial liabilities). This input specification is comparable to a study of Italian universities by Bonaccorsi et al. (2006) . Nevertheless, there are limitations to the selected input specification. Number of academic staff is commonly used in the literature (Tomkins and Green, 1988; Johnes and Johnes, 1993) and includes numbers of full professors, associate professors, assistants and other teaching posts. Non-academic staff is included on the assumption that teaching, administrative and technical duties have a negative influence on research by academic staff because they have an outcome which is a reduction in the time available for research. Therefore, higher numbers of non-academic staff mean higher expected research levels (Johnes, 1988; Arcelus and Coleman, 1997; Madden et al. 1997; Worthington and Lee, 2008) . This human resources data was provided by the INE. Unfortunately, the data did not allow the separation of academic staff into teaching and research or research-only staff, nor was it possible to separate non-academic staff into teaching or research-related support services.
Total expenditure is generally regarded as an input (Ahn et al., 1988) , broken down into R&D expenditure (Ahn, 1987) , capital expenses (Johnes, 2008) , library expenses (Rhodes and Southwick, 1986) , computer services and structures (Ahn et al., 1988 (Ahn et al., , 1989 Ahn and Seiford, 1993) , and/or space costs (Bessent and Bessent, 1980) . However, in the absence of reliable and comparable disaggregated data, we used total expenditure, information provided by the biannual publication of the CRUE. Table 1 presents a summary of descriptive statistics for outputs and inputs across the 43 Spanish public universities by year (CCU, 2010; CRUE, 1996 CRUE, , 1998 CRUE, , 2000 CRUE, , 2002 CRUE, , 2004 CRUE, , 2006 CRUE, , 2008 CRUE, , 2010 ; Web of Science, 2010; INE, several years). Sample means, standard deviations, maximum and minimum are reported.
[ Table 1 around here] It can be seen that, in 2008 the typical Spanish university awarded degrees to 3,551 undergraduates, income from private contracts summed to €12,018,750 and there was a production of 764 ISI publications. On average, these outputs were achieved with 2,153 academic staff, 1,122 non-academic staff (a ratio of one technical/administrative member staff to two academics) and €216,604,250 labour and non-labour expenditure.
Highlighting changes over the sample period, the last row in 
Results
Three primary issues are addressed in the computation of Malmquist indexes for productivity growth over the sample period. The first is the measurement of productivity growth over the period (TFP). The second is to decompose changes in productivity growth into what are referred to as a 'catching-up' effect (technical efficiency change -TEC) and a 'frontier shift' effect (technological effect -TC). The third is that the 'catching-up' effect is further decomposed to identify the main source of improvement, through either enhancements to pure technical efficiency (PTEC) or increases in scale efficiency (SEC). Table 2 which suggested respectively arithmetic mean growth rates of 3.6% and 3.3%.
[ Table 2 around here]
Given that productivity change is the sum of technical efficiency (TEC) and technological change (TC), the major cause of productivity improvements can be ascertained by comparing their values (see Table 2 , columns 5 and 6 respectively). In our case, the overall productivity change over the period is composed of an average efficiency increase (movement towards the frontier) of 1.8% (average 1.018), and average technological fall (downward shift of the frontier) of -2.0% annually (average 0.980). One implication is that, in relative terms, the university sector is relatively efficient and that technological improvements have not been well spread across the sector. It could be speculated that the introduction of formal and permanent structures in the Spanish universities to carry out evaluation and quality assurance process together the reform introduced by the legal framework in accordance with EHEA could consider positive. Nevertheless, this increasing efficiency associated to quality challenge should be assessed and demonstrated as a real challenge for the near future.
Regarding the further decomposition of the 'catching-up' effect (movement towards the frontier), the average values of PTEC and SEC are larger than 1 (see Table 2 , columns 3 and 4 respectively). One suggestion for finding the drivers of improvements in PTEC and SEC is that reforms to university management and systems have enhanced efficiency of staff work and resource use. The resource recombination has improved resource allocation efficiency (allowing university productive efficiency to improve and achieve scale effects). Nevertheless, it should be interesting to analyse whether the evaluation process of academics by the ANECA has had an important impact on this finding (Vidal, 2003) . 1994-1995 to 1997-1998, but that in 1998-1999 One suggestion is that substantial improvements occurred in the period [1994] [1995] [1996] [1997] [1998] when the Spanish HE system was experiencing rapid growth (inputs and outputs increased in that period, but output growth was generally double that of inputs).
However, it appears that there were some problems in 1999. At that time, on the one hand, the adaptation of Spanish HE to the EHEA and ERA was likely exerting pressure on universities to improve efficiency, but results show that universities did not adapt well to the policy reforms (a couple of years before the new university law was implemented -LOU 2001). On the other hand, the establishment of the legislative reform (LOU) in 2001 induced an increase in TFP associated mainly with technological improvements. We can assume that the LOU 2001 pushed universities to invest in infrastructures and new equipment; however, the challenge for future research should be to address the impact of legislative reforms in the Spanish HES (Monk, 1992; McLendon et al., 2006) . Table 3 shows the Malmquist productivity index and its decomposition by university and by the average change over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . More detailed information is presented in the Appendix (Tables A1-A5 ).
[ Table 3 around here]
We can formulate some conclusions based on Table 3 . First, we can speculate that total productivity is influenced mainly by TEC in Spanish public universities. In order to test this supposition, we carry out a correlation analysis (see Table 4 ). We observe that TFP is significantly correlated to TEC, so it can be assumed that catching-up effects contribute the most to improvement in total productivity.
[ Table 4 around here] Second, the catching-up effect is comparatively significant. With the exception of four universities located in East Spain (University of Balearic Island, University of Lerida, University of Alicante and Jaume I University), two in North Spain (University of A Corunya and Public University of Navarra) and two in the Centre (University of Alcala and University of Burgos), the values of PTEC are larger than 1. One implication is that the catching-up effect is the result of management and system reforms and the reconstruction and reallocation of resources. While management of the Spanish HES is fairly centralized, the autonomy of Spanish public universities has been increasing along with the strategic structure and systems in HEIs.
Third, changes in SEC show that scale effects are not as significant as expected, i.e., the percentage of universities where scale efficiencies result in improvements is very small. During the year 1994-1995, 15 universities showed decreased scale efficiency (35%), in 6 universities scale efficiency was stable (14%) and 22 universities showed increasing scale efficiency (51%) (see Table A4 ). This tendency is mostly maintained Table 4 shows also that the values for PTEC and SEC are negatively correlated. Therefore, technical efficiency is based mainly on improved management practices (pure technical efficiency) rather than achievement of optimal size (scale efficiency). It seems that many universities have dispersed campuses. If Spanish public universities do not adjust their methods of resource allocation and shares, they will find it difficult to increase efficiency. In other words, many universities have increased their scale without achieving greater efficiency. 
Conclusions
This study examined the productivity growth of Spanish universities over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The outputs included in the analysis are undergraduate completions, number of research ISI publications and industry grants; inputs include full-time equivalent academic and non-academic staff, and total expenditure. Applying the Malmquist indexes, we decomposed productivity growth into technical efficiency and technological change.
The main findings of this study could be useful for policy; they also provide some general evidence. The results indicate that overall annual productivity growth was attributable largely to efficiency improvements rather than to technological progress.
Gains in scale efficiency appear to have played only a minor role in productivity gains.
The fact that technical efficiency contributes more than technological progress suggests that most universities are not operating near the best-practice frontier. Although the management of universities has changed considerably during the period analysed in this paper (universities have gradually begun implementing strategic management and planning systems and have taken steps to improve quality), it seems that some of the gains made by universities in the provision of electronic library services and learning materials, online student management systems, the provision of distance, online and multi-campus delivery, etc., are not well dispersed across the Spanish HES. Given these results, further gains will have to rely on technical innovations. This is a worrying finding since it suggests that while universities have attempted to respond to the Spanish government's call for better management of resources, they are failing to update their technology (wrong scale of operation).
Nevertheless, there are some structural differences in the system that are difficult to capture in this type of study. For instance, some universities offer a high proportion of three year bachelor programs (mainly technical universities), while some programs are longer (mainly generalist universities), etc. These features are important for the interpretation of results -shorter time degrees are one reason why universities can produce so many graduates relatively cheaply. In addition there are some European Union level supra-national policies that influence the performance of Spanish HEIs. The new bachelor/master curricular structure is being progressively implemented in the Spanish HES, which involves only four-year/five-year courses; therefore the number of degrees awarded will decrease under the new scheme. Future research should address these themes more specifically.
The heterogeneity of HEIs also might explain efficiency differentials. For instance, size of universities, composition of staff, and subject mix are all important elements determining HEI performance. Unfortunately, the data are not sufficiently detailed to take account of this heterogeneity. Availability of more institution-level data would help to fill this gap and shed more light on this important topic.
A shortcoming of the empirical work conducted in this paper, which should be addressed by future research, is related to the presence of a binary structure in which the management of Spanish HES is decentralized to regional government. It is possible that this decentralized governance of HE might be generating significant results in terms of efficiency -this is one of the key points made in the theories on decentralizing government powers. However, it is difficult to claim that HE is a local public goodbecause the produced unity of knowledge reflects its effects on all students, regardless of their location: therefore, there is no a priori theoretical evidence that devolution implies better results. Empirical evidence, based on comparisons of Spanish regional HES, should help clarify this issue.
Finally, there is an issue related to the reform processes in the Spanish HES. In recent years, there has been a tendency for policy related to the Spanish HES to focus more on the so called 'strategy for university modernization ' -Estrategia Universidad 2015 (MECyD, 2011b . Under this scheme, universities are called on to cooperate with each other, to enhance their social dimension and contribute to the knowledge generated being channelled towards progress, welfare and competitiveness in the economy and in employment. The aggregation of the Spanish HES might be one strategy that could place Spanish universities in Europe's top 100 ranking, allowing them to compete more effectively, to achieve higher reputation and to command greater international regard.
According to the results gathered in this paper, if Spanish HEIs are going to embark on a merger process, they will need to exploit this opportunity to establish appropriate development strategies, introduce advanced technology and equipment in order to attract world-class talented faculty, and promote production technology progress in order to realize a modernization-growth effect. At the same time, universities will need to deepen their internal organization reforms, make continuous readjustments and improve management and resource allocation to achieve catching-up and scale effects, in order for aggregation to be productive, i.e., for one plus one to be bigger than two.
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